TMP as an approach to disk manufacture was utilized from these first 718 components and has been used ever since albeit with some changes in the details of the TMP. Early problems experienced with forged disks in this alloy were with stress rupture ductility and notch sensitivity, the extent of which was modified by forging practice to control the grain size and microstructure that was obtained after subsequent heat treatment.
The same problem was also attacked by controlled additions of magnesium in the melting practice and the combination of these practices permitted successful application and ongoing utilization of the alloy as a classic demonstration of T.M.P. Selection of the temperature to which the metal is heated prior to forging is based on consideration of the microstructure of the original starting billet, the solvus temperatures of the j"(BCT Ni,,Al,Ti,Cb), 'Q ' (FCC Ni,,Al,Ti,Cb) and G(orthorhombicNi,Cb), and the grain coarsening characteristics of the alloy. Figure 3 illustrates a typical grain coarsening curve for 718. Some variation should be expected dependent on the grain size of the material prior to heating. There is also of course a time dependency which has to be recognized and chemistry variations will influence the solvus temperatures of any precipitated phases thus modifying the location of the curve with respect to the temperature axis. It was suggested that the improvement may be due to transgranular propagation and secondary crack formation, whereas both of the eguiaxed grain structures exhibit crack growth rates which were similar to one another and were higher than that of the deformed grain.
The variation was not apparent for high frequency cycling, but it would appear to be an area worthy of further study in the search for reduced crack growth rate which is the current hot topic under fracture mechanics design criteria.
Returning to hot work deformation and its control, forging with conventional (warm) dies can promote very non-uniform deformation. This is illustrated in Figure 10 which shows a macro etched cross section of a simple pancake which has been upset 60% at 1038°C (1900°F).
A "dog bone" pattern of deformation due to die lock promoted by significant die chill top and bottom, and also perhaps influenced by die lubrication practice, is readily observable. The top and bottom die chilled areas have undergone varying degrees of recrystallization from zero at the surface, increasing toward the middle.
The outside diameter is influenced by radiation cooling and again may have varying degrees of recrystallization. The thermal gradients developed cause local change in material flow strength which in turn gives rise to preferential flow in the hotter and lower flow stress areas resulting in significant change in strain, strain rate and temperature.
The effect of temperature on the flow stress of 718 is shown in Figure 11 . As can be seen, the flow stress at 960°C (1760°F) 
